INTRODUCTION - GENERAL ASPECTS OF ROSACEA
=========================================

Rosacea is a chronic disease, with evolution in outbreaks, characterized by an inflammatory process and vasculopathy.^[@r1],[@r2]^

Although its manifestations are varied, usually rosacea is primarily characterized by erythema of several and persistent degree, which worsens suddenly (flushing), with or without papular inflammatory or even pustular lesions, similar to acne, and, in more chronic forms, of telangiectasias.^[@r3]^ It occurs mainly on the face and is more prevalent in women, but genetic and ethnic factors may change this relationship between sexes, since it\'s more common in Caucasians, particularly in the Northern hemisphere.

This fact results in a variable prevalence according to different geographical areas, which can be up to 10% of population.^[@r3]^

Etiology of rosacea appears to be multifactorial: in addition to a genetic predisposition and even to the skin type (being more common in individuals with a family history of rosacea and lower skin types, respectively) that determines an exacerbated and prolonged vascular reaction, intrinsic and environmental factors may encourage vasodilation; these factors, acting alone or in association, lead to the progress of dermatosis, acting as triggering and aggravating factors.^[@r4]^

In its natural history, rosacea develops from stimuli that promote vasodilation, such as sun exposure, hot and/or spicy food and drinks, alcohol, physical exercise, high temperature environments or abrupt changes of temperature, besides vasodilators (e.g., antihypertensives) or angiogenic drugs (e.g., topical corticosteroids, topical tretinoin).^[@r5],[@r6]^

These stimuli induce episodes of flushing with progressive damage to the endothelium and also angiogenesis, as well as inflammatory changes in the dermis with production of vasoactive substances, and worsening of vascular framework, which will have repercussions in the epidermis. Secondary infections by microorganism of the genre Demodex, especially folliculorum, seem to have a direct association with the present inflammation.^[@r7],[@r8]^

There is little consensus in understanding the different manifestations of rosacea, which hinders its classification. Previously classified in 4 evolutionary stages, with variants described, the National Rosacea Society (NRS) developed a classification according to the clinical findings, regardless of evolutionary or pathogenic aspects (erythematotelangiectatic, papulopustular, phymatous and ocular) and only one variant, the granulomatous.^[@r9],[@r10]^

Although all studies on rosacea demonstrate the hypersensitivity of the skin to termal, chemical and even biological stimuli (thinking of colonization by Demodex and bacterial infection) there is still no clear correlation between clinical manifestations, damage of the skin barrier (obviously present in any inflammatory dermatosis) and sebaceous activity of the skin.

OBJECTIVE
=========

This study aims to make a literature review on the state of the skin barrier in rosacea and its role in the etiopathogenesis of this dermatosis as well as the clinical consequences of its changes.

CHARACTERISTICS OF SKIN BARRIER IN ROSACEA AND ETIOPATHOGENESIS
===============================================================

Sebum production
----------------

Rosacea may occur in patients with dry skin or skin with important seborrheic levels, not being necessarily linked to a skin type. Studies assessing some parameter of the skin barrier in patients with rosacea are very scarce. While most studies have focused on sebum secretion, some authors point to conditions that occur with dry skin.

It is known that lipids produced by sebaceous glands are responsible for three-dimensional organization of skin surface lipids, contributing to the integrity of its barrier. These lipids also exhibit strong antimicrobial activity, besides carrying antioxidant molecules to the surface and expressing proinflammatory and anti-inflammatory properties, while maintaining the pH slightly acidic.^[@r11]^

A recent study evaluated 135 patients with rosacea and without treatment, and showed that the erythematotelangiectatic form of the disease is more common in dry skin than in seborrheic skin.^[@r12]^

Papulopustular form was evaluated in another work, regarding the sebum level, against a control group: sebaceous levels were normal, but with a significant reduction in hydration levels. Even after treatment with oral minocycline, despite the clinical improvement, there was no significant change in the amount of sebum found.^[@r13]^

There is no study, however, relating the clinical forms of rosacea with sebaceous levels.

Also regarding the study of lipids from the sebaceous glands, it showed an imbalance in the fatty acid concentration in sebum in patients with papulopustular rosacea: myristic acid was present in higher concentration in sebum of these patients compared with a control group without the dermatosis; while saturated long-chain fatty acids (behenic, tricosanoic and lignoceric), as well as monounsaturated cis-11-eicosanoic, were in lower concentrations compared with the control group.^[@r14]^

These data support the evidence that the sebum production, in particular of fatty acids, may influence the barrier integrity of patients with papulopustular rosacea.

Demodex infestation, a known aggravating factor of inflammation in rosacea, seems to be more common in patients with barrier changes; a study on facial skin diseases where there is a prevalence of Demodex (perioral dermatitis, seborrheic dermatitis, steroid dermatitis and rosacea itself) demonstrated higher levels of infestation in drier or more seborrheic skin, when compared with skin with normal levels of hydration and sebum secretion.^[@r15]^ Demodex also predominates in patients over 30 years.

Inflammatory changes
--------------------

Rosacea is a dermatosis with complex physiopathology; these patients exhibit a modified innate immune response to environmental stimuli, favoring inflammation. Over time, these inflammatory outbreaks lead to dermal fibrotic conditions. However, not all patients with erythematotelangiectatic form necessarily progress to phymatous or papulopustular form.^[@r16]^

The innate response involves the secretion of antimicrobial peptides (AMP), from the keratinocytes, sebocytes and mast cells. Expression of these peptides is strictly regulated, because although it is an important line of defense, it can also cause tissue damage.

Among AMPs, the group of cathelicidins has received special attention in the physiopathology of rosacea.

Cathelicidins are a family of cationic AMPs, of the same class of defensins and histatins, found in macrophages and polymorphonuclear leukocytes.^[@r17]^

In healthy skin, this AMP is little detected in keratinocytes; on the other hand, during an infection or damage there is a major production of cathelicidins. In the skin with rosacea, there is a higher concentration of cathelicidins; in normal skin, this AMP is processed by proteases of the kallikrein family, in particular 5 and 7, which results in another peptide, cathelicidin LL-37, produced only in humans.^[@r18]^

Cathelicidin LL-37 is an important molecule in the innate metabolism, and inflammatory diseases such as rosacea, there is a disturbance in its processing, which results in peptide fragments that cause inflammation, erythema, and even telangiectasia, as shown in [figure 1](#f1){ref-type="fig"}.^[@r19],[@r20]^

Figure 1Role of cathelicidin 37 in the pathogenesis of rosacea. Environmental stimuli increase expression of cathelicidin 37, whose fragments resulting from protease activity stimulate the inflammatory process and induce vascular disorders in individuals with rosacea

Environmental factors that trigger cathelicidins increasing in rosacea are:

\- UV-radiation: the synthesis of vitamin D caused by UVB radiation induces expression of cathelicidins in keratinocytes.

\- Presence of Demodex mites: chitin protein from these microorganisms activates the inflammatory response in keratinocytes and binds the presence of mites with the increasing of protease activity and the cathelicidins induced inflammation.^[@r21]^

Epidermal inflammation and cathelicidins higher concentration leads to lipid synthesis disruption and stratum corneum formation, affecting the barrier function and, concomitantly, favoring the classic symptoms of rosacea, such as itching, burning and stinging.^[@r22]^

Vascular changes
----------------

Medium facial erythema is the main sign of rosacea, and is present in all clinical forms, being virtually its first manifestation.

In outbreaks progressively intense and frequent, it presents uncomfortable symptoms to the patient such as warmth, stinging and burning of the skin.

Vasodilation that causes erythema, as well as vascular changes that are installed with the development of dermatosis, such as telangiectasias, elapses of a modified vasoactive response, from a neurovascular dysfunction.^[@r23]^

These changes lead to an increased blood flow, which generates the sensation of warmth, particularly in the most affected areas.

As described above, cathelicidin LL-37 is strongly increased in the affected area of skin in rosacea. This peptide has proinflammatory action and an \"alarm\" function, affecting vascular growth, thus leading to angiogenesis and neovascularization.^[@r20]^

In patients with the erythematoustelangiectatic form, there is a strong presence of proinflammatory and vasoregulator genes, even in the earliest forms of the disease. A predominantly perivascular inflammatory infiltrate also occurs, consisting of lymphocytes, macrophages and mast cells, also with increased vascular endothelial growth factor (VEGF).^[@r24]^

The lymphatic involvement is also present and is important in rosacea, especially in papulopustular and phimatous forms.

VEGF also acts in the expansion of lymphatic vessels, but there is no evidence of lymphangiogenesis.^[@r25]^

The increased vascularity and dermal vasodilation contribute to an increased transepidermal water loss, which acts as stimuli to keratinocyte proliferation and differentiation.^[@r26]^

Neural changes
--------------

There is a neural interaction with the immune and vascular changes, triggered by factors such as spicy foods and emotional stress.

Physiologically, the dermal subpapilar plexus contains smaller vessels including venules, arterioles and capillaries; more deeply, larger vessels are found, which are primarily modulated by sympathetic innervation (adrenergic).^[@r27]^

Local changes in temperature lead to vasodilation or vasoconstriction exacerbated reactions, in addition to a stimulus induced by alpha adrenergic receptors.^[@r28]^

Endothelial cells activated in the affected area express several adhesion molecules and cytokine receptors, facilitating activation and leukocyte migration, thus exacerbating inflammation.^[@r16]^

More recently, studies present evidence that TRPV1 (transient receptor potential cation channel 1) receptor, sensitive to capsaicin, has higher expression in patients with rosacea, aiding the explanation of greater discomfort to chemically similar substances in this compound, as some perfumes and herbal extracts.^[@r29],[@r30]^

Rosacea and \"sensitive skin\"
------------------------------

All phenomena described above act synergistically in the perpetuation of perivascular, dermal and epidermal inflammation. This process induces an acceleration of epidermal proliferation and differentiation, resulting in a functionally deficient stratum corneum, with low ability to attract and retain water. These findings enhance transepidermal water loss, which is already increased by the underlying inflammation, exacerbating the reduction of the water portion in the skin and worsening its barrier function, as shown in [Figure 2](#f2){ref-type="fig"}.^[@r31]^

Figure 2Relationship between damage of the skin barrier and skin inflammation. The inflammatory process reduces the barrier function; allied to vasodilation, also present in rosacea, occurs an increase in transepidermal water loss (TEWL) with consequent reduction of epidermal hydration levels, constituting a stimulus to inflammationAdapted from: Steinhoff M, 2013.^[@r16])^

The pH of the skin surface also undergoes changes with the alterations in the stratum corneum, with an increase and consequent loss in antimicrobial function.

The described changes are translated clinically by a lower tolerance to topical products such as soaps, hot water, low pH substances (lactic acid, retinoic acid, etc.), resulting in burning sensations, itching, and stinging, possibly with a decreased in the irritative threshold known as \"sensitive skin\".^[@r32]^ This condition is often described in patients with rosacea.

A study with biophysical measurements in patients with papulopustular rosacea showed that, when compared with normal individuals, sebum levels are almost normal, but there is a significant reduction in hydration levels and a rise in pH in centrofacial region.^[@r33]^

One of the largest studies in rosacea patients was conducted in 1997 by the National Rosacea Society involving 1023 patients; of these, 82% reported irritable skin, with burning or stinging sensation, when using cosmetic products, especially those with the greatest potential to interfere with the skin barrier, such as exfoliating, soaps and tonics.^[@r34]^

This hypersensitivity is at least partially explained by a barrier previously damaged. The barrier damage been demonstrated in a sample of patients by the increasing of transepidermal water loss (TEWL) both in papulopustular and erythematoustelangiectatic forms.^[@r22]^

In addition to increased TEWL and hydration loss, there is a change in the innate immune functions, leading to an increase of AMPs, including cathelicidin. These phenomena are not only associated, but also co-regulated.^[@r35]^

Some recent evidences show that, in the injured normal skin, or even in the skin with irritant dermatitis, there is a tendency to reduce the expression of kallikrein, including 5 and 7.^[@r36],[@r37]^

In rosacea, there is evidence that the pattern of the innate immune response is altered, with increased expression of TLR2 receptor (toll-like receptor 2), resulting in greater expression of kallikrein 5 from keratinocyte.^[@r38]-[@r40]^

The barrier damage observed with rosacea possibly increases even more due to the higher expression of kallikrein, which would usually be normal or even decreased in other inflammatory dermatosis.^[@r41]^

This perpetuation of the barrier dysfunction, clinically translated by dry or scaly skin, must also be taken into consideration in the treatment of rosacea.^[@r42]^

Some studies have shown that inadequate topical products may worsen rosacea, as well as proper care can help restore the skin barrier, helping to control the symptoms and the inflammation.^[@r42],[@r43]^ Use of moisturizing formulations that increase hydration levels reduces the damage to the stratum corneum proteins and the removal of epidermal lipids, which can provide physiological elements to repair the skin barrier, and do not contain substances with known irritation potential, helping inhibit the inflammatory process - and, hence, the symptomatology.^[@r43]-[@r45]^

CONCLUSION
==========

Rosacea is a complex dermatosis, with inflammatory, neural and vascular mechanisms, in which environmental factors can interfere negatively or positively in its evolution. Improvement of the barrier function can significantly reduce symptoms, since, besides helping to reduce inflammation, it can decrease the interaction with substances with irritate potential. These two factors are fundamental in improving the symptomatology of patients with rosacea.
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